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INTRODUCTION 
Phosphorus with nitrogen and potassium constitutes 
one of the three major elements required by green plants 
for normal growth and fruition. Despite the great natural 
stores of phosphates that exist in the United States, 
phosphorus remains the most costly of the three major 
elements to supply to rapidly growing green plants. The 
cause of this dilemma lies in the fact that the relatively 
insoluble rock phosphate is treated with sulfuric acid 
in order to render it soluble. In fact, approximately forty 
percent of the sulfur consumed in the United States is 
used in the acidulatlon of rock phosphate to achieve this 
end. 
The supply of yellow sulfur available to the United 
States at the present time is predicted to be sufficient 
for approximately twenty years, even though the current 
sulfur supply seems adequate. It would be very desirable, 
therefore, to solubilize rock phosphate by methods other 
than sulfuric acid. 
The agronomists in Illinois have been recommending 
raw rock phosphate as a source of phosphorus for many 
years. They have found that rock phosphate is rendered 
available in sufficient quantities to sustain plant growth. 
In the use of raw rock phosphate the key to their success 
is the maintainence of lime, manure and residues with the 
rock phosphate. 
2 
Decomposing organic matter la known to bring about 
the dissolution of rock phosphate. Many of the decomposi¬ 
tion products of organic materials are known to form stable 
complexes with di and poly-valent cations. It is these 
products of decomposition, their salts, and their allied 
chelating effect that are believed to bring about the 
dissolution of rock phosphate* 
In view of the foregoing considerations the objective 
of this research is to compare the effectiveness of several 
organic salts with hydrogen ion in solubilizing the phos¬ 
phorus of rock phosphate* 
3 
Review of Literature 
Products formed on decomposition of organic matter 
and other organic compounds have been shown to influence 
the solubility of rock phosphate. 
Bachulin (2) found that raw phosphate iB easily de¬ 
composed by peat soils. Hirano (11) discovered that humate 
sols brought remarkable quantities of PgOpdnto solution, 
not only from soil phosphorus but also from difficultly 
soluble raw phosphate. The method of the Association of 
Official Agricultural Chemists (20, pp. 21-24) extracts 
sparingly soluble phosphates with citrate anion at pH 7*0. 
Kissin and Natelson (15) found that ethylenediamine tetra 
acetic*acld could be used successfully in the dissolution 
of urinary calculi. The three types of calculi dissolved 
by the organic chelating agent were composed of calcium 
oxalate, calcium phosphate, and calcium carbonate. Raymond 
and Gehres (21),Suly, Albright, Wayne,and Dempsey (29) > and 
Gehres and Raymond (10) have reported similar results in 
solubilizing urinary calculi with LDTA and other complexing 
agents. Johnson (12) found that hydroxy aliphatic acids and 
aromatic derivatives of acetic acid are effective in solubiliz¬ 
ing sparingly soluble dicalcium and tri-calcium phosphates. 
Schreiner, Merz and Brown (25» Soils and Men pp 498-503) 
state that oxalic acid in Guano would free the phosphoric 
acid contained therein from its combination with calcium. 
*EDTA 
< 
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Bancroft et al. (3) state In their patent that they had 
used EDTA successfully in the dissolution of rock phos¬ 
phate « 
The mechanism causing the solubilisation of metal salts 
is known as chelation; 
The Alrose Chemical Company (1, p. 8) points out 
that metal salts can be dissolved in many instances by 
chelating agents. Martell and Calvin (18, pp. 514-558) in¬ 
dicate that many organic compounds are capable of chelating 
cations and vary in chelating ability under varying condi¬ 
tions. 
Considerable data have been compiled indicating that 
organic compounds may be employed in the prevention of 
fixation of phosphates by cations: 
Swenson (30) found that organic anions prevented 
fixation of iron and aluminum. He found, further, that the 
ability of organic and inorganic anions to prevent fixation 
of phosphates by iron and aluminum follows a lyotropic series. 
This series is as follows: citrate^) iaoascorbie acid/* gallic 
acid^> pyrocatechen^ tartrate^ mucic acidy fluoride^ gluconic 
acid^> silicate^) glycine. Struthers (28) confirmed that citrate 
was the most effective anion studied in preventing phosphate 
fixation, and stated that the citrate anion was considerably 
» 
more active in the prevention of phosphate fixation, by 
aluminum than by iron. He found the efficiency of organic 
anions in this capacity to increase with the number of 
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carboxyl and hydroxyl groups, and to increase with their 
proximity within the molecule; prevention of fixation 
decreased with the length of the carbon chain. Cole (6) 
confirmed that the replacing ability of various ions in 
replacement of phosphate from phosphated kaolin is of the 
same order as their replacing abilities of phosphate from 
alumina. He concluded that fixation of phosphate by act¬ 
ivated kaolin was due to the reaotion of the free hydrous 
alumina of the kaolin with the formation of basic aluminum 
phosphate. Hirono (11) stated that manures might remove 
cations such as iron and calcium from soil solution which 
would ordinarily combine with phosphoric acid to make in¬ 
soluble phosphate. Furthermore, anions of stable manure 
might decrease adsorption of phosphoric acid by soil. 
Cations of various salts are known to Influence the 
solubility of rock phosphate* 
Cook (T) concluded that an increase in base saturation 
of soils lowers the immediate availability of rock phosphate 
to crops like corn and oats, but, on the other hand, tends 
to keep native soil phosphates and those added as soluble 
salts in the form of calcium phosphate rather than the less 
available basic iron phosphates. Jordan and Lewis (14) found 
that sodium and magnesium salts increased the solubility of 
• ■ 
■ * » 
sparingly soluble phosphate salts. Calcium salts decreased 
the availability due to the common ion effect. 
Chelaters present in soils are known to solubilize 
some sparingly soluble phosphate salts: 
- 6 - 
Rice and Leviek (22) found that a significant amount 
of phosphorus was present in solution when various soil 
horizons were extracted with a solution containing potas- 
Bium oxalate. Morison and Sotbere (19) reported that humus 
sols influenced the movement of iron within soil profiles. 
Jones anl Wilcox (13) concluded that hydroxy acids play a 
part in the solution of sesquioxides, which are translocated 
in combination as complex anions and precipitated as basic 
Balts. Gallagher and Valsh (9) indicated that it is oxalic 
acid bnd other organic hydroxy acids that form soluble iron 
and aluminum salts Irrespective of the reaction of the medium 
that bring about the translocation of sesquioxides in non¬ 
acid soils. Hirano (11) observed that humate sols brought 
remarkable quantities of ?2°5 into solution not only of soils 
but also of difficultly soluble raw phosphate. Bloomfield (4 
<& 5) found that aqueous extracts of pine needles and the 
leaves and bark of Agathls australis (Kauri) contain com¬ 
pounds which will dissolve ferric and aluminum oxides. The 
ferrous iron formed by the extract, and possibly the dis¬ 
solved aluminum, are present in the form of complexes of 
considerable stability. 
7 
Materials and Methods 
Tennessee brown rock phosphate was used In this 
Investigation. This material Is of Ordovician age and 
w&b found to contain 30.6 per cent ?2°5# The screening 
specifications of the rock phosphate are such that all 
will pass through a 60 mesh screen; 15 per cent will be 
caught on a 120 mesh screen and 85 per cent will pass 
through a 120 mesh screen. 
Constant cation concentrations In the case of acetate 
salts and constant anion concentrations in the case of all 
other salts were maintained. The exact solutions were adjust* 
ed to the desired pH value. The solutions were then added 
to centrifuge tubes containing the weighed sample of rock 
phosphate. The concentrations of cationB and anions, the 
times of contact, the weights of rock phosphate, and pH*s 
of the extracting solutions will be presented in the 
"Results and Discussion** section. 
The samples were mixed in an end-over-end shaker re¬ 
volving at 30 revolutions per minute for the predetermined 
period of time; centrifuged for 20 minutes at 1800 revolutions 
per minute to insure the complete separation of liquid and 
solid fractions. The phosphorus content in the supernatant 
liquid was determined colorimetrically by the Sherman 
* 
method (26). All samples were extracted and analyzed In 
dupllcate• 
8 
RESULTS AND DISCUSSION 
l 
Standardization of the Time of Contact and the Ratio of 
Phosphorus as Rock Phosphate and attracting Solution 
To determine an advantageous time of contact and ratio 
of rock phosphate to extracting solution, various quantities 
of rock phosphate were placed in contact with 0.1 II sodium 
acetate solution for different periods of time ranging from 
one minute to one week. Four quantities of rock phosphate 
and 100 mis. of extracting solution were employed for the 
various periods of contact. The four quantities of rock 
phosphate were: 0.5 mmoles of phosphorus (116.5 mgms. of 
rock phosphate), 1.0 mmoles of phosphorus (232.5 mgms. of 
rock phosphate)^ 4.0 mmoles of phosphorus (932 mgms. of rock 
phosphate), and 8.0 mmoles of phosphorus (1862 mgms# of 
rock phosphate). The equilibrium pH values ranged from 
3.90 to 4.25. 
After approximately four hours the rate of solution 
of the rock phosphate was found to remain relatively con¬ 
stant for all four ratios (fig. 1 and table 1). Cn this 
basis it was decided to select a time of contact of fifteen 
or sixteen hours, since these are also good overnight work¬ 
able times. The most advantageous ratio of rock phosphate 
to extracting solution was determined to be 0.5 mmole of 
» 
, > - » 
phosphorus as rock phosphate per 100 mis of extracting 
solution (fig. 1 and table 1). This ratio was selected 
because the amount of phosphorus coming into solution is 
< 
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not so great that a large dilution factor is needed in 
order to attain a concentration of phosphorus that is 
suitable for analysis* 
The soils laboratory of the University of Wisconsin 
(2?) reported over 90 per cent of the total phosphorus 
in rock phosphate c&oie into solution within one week when 
brought into contact with a sodium acetate solution buf¬ 
fered at pH 4.0* Investigations conducted in this laboratory 
revealed 41 per cent of the total phosphorus within a rock 
phosphate sample to be brought into solution by a 0.1 
sodium acetate solution buffered at pH 4.0 and in contact 
with the rock phosphate for one week (table 1*)* 
Possible explanations for this difference in results 
are* (1) the use of rock phosphate of a different type or 
source; (2) the use of a different ratio of rock phosphate 
to extracting solution; (3) the use of a more concentrated 
sodium acetate solution; (4) a combination of two or all 
of these three factors. 
Solubility of Hock Phosphate Relative to the Solubility 
Of Trlcalcium Phosphate 
The solubility of rock phosphate in water is known to 
be low. It appeared advantageous to compare the solubility 
of rock phosphate to the solubility of a phosphate compound 
of known solubility product. Trlc&loium phosphate was selected 
because it is similar to rock phosphate and is sparingly 
solublet having a solubility product of the order of magni¬ 
tude of 1 x 10-25. ^our ratios of trlcalcium phosphate to 
I 
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Fig» 1 Effect of Time of Contact and Quantity of Phosphorus 
on the Solubilization of Phosphor** fro* Ro< oe- 
phate in Contact with 0«1 £ Sodlua Ace tat* Solution# 
(average of duDllc'it"' oxtractiom) <* 
i 
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Table 1# Phosphorus Solubilized from Rock Phosphate by 
the Effect of Time of Contact and Quantity of 
Phosphorus In Contact with OJ | Sodium Acetate 
Solution at pH 4*0* 
Rock Phosphate# mmoles of Phosphorus* 
Time » ^ 
mg 
0.5 1.' 
#** mg 
0 
% 
4. 
mg 
0 
* 
8.0 
mg 
1 min. 2.58 16.6 - - - - mm - 
5 min* 3.90 19.7 - - - m - - 
15 min* 4.08 26.2 m - - - • - 
30 min# 4.32 28.5 5.30 17.1 7.00 5.7 8.08 3.3 
1 hour 4.62 29.9 - - - - - - 
2 hours 5.10 33.0 6.04 19.5 7.67 6.2 8.64 3.5 
4 hours 5.05 32.6 6.03 19.4 8.00 6.5 8.95 3.6 
6 hours 5.51 35.7 6.43 20.7 8.20 6.7 8.71 3.5 
12 hours 5.58 35.9 6.55 21.1 8.28 6.7 9.50 3.8 
15 hours 5.71 36.8 6.71 21.6 8.76 7.1 9.60 3.9 
18 hours 5.66 36.6 6.68 21.6 8.89 7.2 9.23 3.8 
24 hours 5.98 38.6 6.82 22.0 8.75 7.1 9.30 3.8 
50 hours 6.02 38.8 6.94 22.4 8.63 7.0 9.56 3.9 
168 hours 6.35 41.0 7.25 23.4 9.28 7.5 9*66 3.9 
** % of Total Phosphorus added as Rock Phosphate 
* mmoles of P/100 mis* of 0.1 N sodium acetate solution 
Equilibrium pH ranged from 3*9 to 4.25 (average of duplicate 
extractions). 
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extracting solution were used (fig. 2 and table 2.)* These 
quantities of tricalcium phosphate were 0.5# 1.0# 4.0 and 
8.0 mmoles of phosphorus as tricalcium phosphate per 100 
mis. of 0.1 N sodium acetate solution buffered at pH 4.0* 
The tricalcium phosphate samples were extracted for 9 hours 
(fig. 2 and table 2). The rook phosphate samples were ex¬ 
tracted for 15 hours (fig. 2 and table 1). 
Tricalcium phosphate was found to be far more soluble 
than rock phosphate containing equivalent amounts of phos¬ 
phorus in a 0.1 N sodium acetate solution at pH 4.0 (figure 
2 and table 2). Approximately 2.5# 4.5# 11# and 11 times 
more phosphorus was extracted from tricalcium phosphate 
than from the four quantities of rock phosphate (figure 2 
and table 2). These results Indicate that the solubility 
of rock phosphate is very much smaller than tricalcium 
phosphate. 
. . 4 
Effect of Consecutive Extractions on the Solubilization 
of Rock Phosphates 
Information pertaining to the chemical uniformity of 
the rock phosphate used in this investigation was needed. 
It was determined that consecutive extractions of the same 
sample might reveal the needed Information. A sample of 
rock phosphate# 0.5 mmoles (15*5 mgms.) of phosphorus as 
rock phosphate# was extracted for 15 hours in 100 mis. of 
0.1 H sodium acetate solution at pH 4.0. The phosphorus 
coming Into solution was determined by analysis. The 
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Tricalclura Phosp ate - 9 hour extraction 
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F1R* 3 Phosphorus Solubilized from Rock Phoophc to In 
Three Consecutive Extractions v ith Q»1 Sodiujn 
Acetate Solution »t pH 4.0* 
i 
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Table 2. Phosphorus Solubilized from Different Quantities 
of Tricalcium Phosphate and Rock Phosphate in 
Contact with 0.1 K Sodium Acetate Solution at 
pH 4.0* 
Rock Phosphate, mmole3 of Phosphorus* 
Time 
(Hours) mg 
0.5 
%* 
1 
* mg 
.0 
% 
4.0 
mg 
8.0 
% mg i % 
Tri-Cal. Phosphate 
9 14.90 96.3 29.30 95.0 89.00 71.7 100.00 40.4 
Rock Phosphate 
15 5.71 36.8 6.71 21.6 8.76 7.1 9.60 3.9 
** % of Total Phosphorus added. 
* mmoles of P/100 mis of 0.1 N Sodium acetate Solution 
(Average of duplicate Extractions). 
- 15 
remainder of the sample of rock phosphate was re-extracted 
and this procedure was continued for three consecutive 
extractions. 
In the first extraction 5*72 agios. or 36.9 per cent 
of the total phosphorus of the rock phosphate sample was 
solubilized (figure 2 and table 3)* 4.20 mgms. or 27.1 per 
cent and 2.57 mgms or 16.6 per cent of the total phosphorus 
of the original rock phosphate sample were solubilized in 
the second and third extractions respectively. In the three 
consecutive extractions, 80.6 per cent of the total phos- 
phorus was extracted. 
4.20 mgms. and 2.57 mgms. of phosphorus represent 
42.8 per cent and 46.3 per cent respectively of the phos¬ 
phorus remaining within the rock phosphate sample Just 
prior to the second and third extractions respectively. In 
effect the ratio of phosphorus as rock phosphate to extract¬ 
ing solution was decreased with each consecutive extraction. 
The data in Fig. 1 show increased percentages of phosphorus 
to be solubilized as the ratio of rock phosphate to extract¬ 
ing solution decreases. Since 36.9» 42.8 and 46.3 per cent£ 
#* 
of total phosphorus present (fig* 3) were solubilized in 
the first, second, and third extraction respectively, there 
appears to be no great change in the uniformity of the rock 
phosphate. 
16 - 
Table 3* Phosphorus Solubilized From Rock Phosphate In 
Three Consecutive Extractions with 0.1 N Sodium 
Acetate Solutions at pH 4.0 (average of duplicate 
extractions)• 
Extraction Time 
(Hours) 
P 
*** 
Solubilized 
1 15 15.5 36.9 5.72 3 6.9 
2 15 9.78 27.1 4.20 42.8 
3 15 5.58 16.6 2.57 46.8 
* mgms of Phosphorus remaining as rock phosphate 
** per cent of original 0.5 mmolesP( 15• 5 mgms) solu¬ 
bilized 
*** mgms of P solubilized by each extraction 
##*# per cent Phosphorus solubilized from the phosphorus 
remaining as rock phosphate. 
IT - 
The Influence of Concentration of Organic Salts and pH 
on the Solubilization of Rock Phosphate 
Organic salts have been found to prevent precipitation 
of Iron and aluminum phosphates, Swenson (30) Struthers (28) 
Cole (6) Hlrano (11). Many of these same organic salts 
have been found to solubilize sparingly soluble phosphate 
salts of iron, aluminum, and calcium, LeClerc (16) Johnson 
(12) Gallagher (9) Schafleld (24). 
The solubilization of sparingly soluble phosphate 
salts by organic compounds is believed to be the same as 
the mechanism for the prevention of phosphorus precipitation. 
In effect it is the removal of those cations either from 
solution or from the surface of insoluble salt particles 
that combine with phosphates to form very sparingly soluble 
salts. This removal of cations is accomplished either by 
the formation of complex ions or by the formation of other 
sparingly soluble salts with the cations. This mechanism 
is called chelation. 
It was determined to study the influence of organic 
salts and the allied chelating effect on the solubilization 
of rock phosphate. 
If the concentration of one of the ions of a compound 
is decreased, the concentration of the other ion may/or 
» 
will increase without precipitation of the chemical compound* 
When citrate anion is added to a suspension containing iron 
phosphate, the citrate anion combines with the soluble iron 
to form the stable and soluble complex Ion of iron citrate, 
- 18 - 
Swenson (30) • To replace the iron removed from the solution 
by the citrate iron phosphate dissolves and this proceeds 
until an equilibrium is attained. The net effect is to in- 
crease the concentration of phosphate in the solution. 
Acetate Salts: Rock phosphate samples (0*5 mmole P) 
were extracted with three concentrations of the acetate 
salts of sodium, potassium, magnesium, and calcium, ad¬ 
justed to pH values of 4.0, 4.5, 5.0 and 5*5 (figure 4 and 
table 4). The three concentrations employed were 0.113, 
0.3£ snd 0.5N# All samples in this series were extracted 
for 15 hours. 
There was a decrease in the phosphorus solubilized 
with an increase in pH for each of the four acetate salts 
and at each of the three concentrations (figure 4 and table 
4). The rock phosphate is solubilized with an increase in 
the hydrogen ion concentration, Sanfourche and Tallibart 
(23) Facer (8). 
In the instance of sodium, potassium, and magnesium 
acetate there was a greater increase in phosphorus solu¬ 
bilized with an increase in concentration from 0.1N to 
0.3K than from 0.31i to 0.5J£ (figure 4 and table 4). This 
Indicates that the effect of concentration on the solubili¬ 
zation of rock phosphate apparently decreases as the concen- 
» 
tratlon of the salt is increased above 0.3N# The difference 
in the percent of total phosphorus solubilized for the three 
concentrations persists throughout the whole pH range# 
(%
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Table 4. Effect of pH and Salt Concentration on the 
Phosphorus Solubilized from Rock Phosphate. 
Salt 
mg 
pH 4*0 
% 
pH4.5 
ms % 
pH5.0 
mg % 
pH 5 
mg 
J 
Sodium Acetate 
0.1 N* 4.08 26.2 2.28 14.6 1.03 6.7 .37 2.5 
0.3 M 5*12 33*0 3*12 20.1 1.18 9.2 .76 4.9 
0*5 I 5.28 34.0 3.33 21.8 1.60 10.3 .84 5*4 
lotasalum Acetate 
0.1 N 4.56 29*5 2.56 16.4 1.36 8*8 .57 3.7 
0*3 N 5.36 34.7 3.60 23.1 1.80 11.6 .99 6.6 
0.5 N 5*70 36.8 3.93 25.3 2.10 13*5 1.23 7.9 
Magnesium Acetate 
0.1 N 5*10 32.9 2.65 17.1 1.13 7.3 • 39 2.4 
0.3 K 5.63 36.2 3.01 19.4 1.25 8.1 .43 2.8 
0*5 I 5*70 36.7 3.00 19.6 1.32 8.5 .48 3*1 
Calcium Acetate 
0.1 H *39 2*5 .19 1.2 .07 .4 .03 .2 
0*3 S *35 2.2 .16 1.1 .05 .4 *03 .1 
0.5 I .28 1.8 .15 .9 .05 .3 .01 .1 
* 0#5 mmoles P as rock phosphate/100 ml of extracting solution. 
(Average of Duplicate Extractions) 
21 
Of the four acetate salts employed potassium acetate 
was found to be most effective In the solubilization of 
rock phosphate at the 0.5 K concentration# Magnesium 
acetate was most effective at the 0.1 K and 0.3 concen¬ 
trations at pH 4.0 but lost Its effectiveness at a more 
rapid rate with a rise In pH than did potassium or sodium 
acetate. Potassium acetate was most effective In solubiliz¬ 
ing the rock phosphate at the two lower concentrations at 
pH 5«5 followed in turn by sodium acetate and magnesium 
acetate respectively (figure 4 and table 4). The indication 
is that hydrogen ion is most effective In combination with 
magnesium acetate at the two lower concentrations in solubi¬ 
lizing rook phosphate. 
There is a corresponding decrease in the percent of 
total phosphorus solubilized with an increase In the concen¬ 
tration of calcium acetate. This decrease Is caused by the 
common ion effect of calcium* Lehr and Wexem&el (17)* 
Oxalate Anion? Rock phosphate samples were extracted 
with four concentrations of oxalate anion adjusted to pH 
values of 4.0* 5.0* 6.0 and 7.0 with sodium hydroxide 
(figure 5 and table 5). The four concentrations employed 
were 1*0.3»S, 0*17~M and 0,*Q9».M. All samples in 
this and subsequent extractions were extracted for 16 hours 
» 
and at the concentrations and pH values listed above. 
At all four concentrations oxalate was far more effec¬ 
tive in solubilizing rock phosphate at pH 4.0 than at pH 7.0 
22 
(figure 5 and table 5). At pH 4.0, 430 per cent of the 
total phosphorus was solubilized by 1*0.3~& oxalate solution 
whereas only 7.6 per cent was solubilized by the 0*Q9-M 
oxalate solution. At pH 7*0, however, only 2.4 per cent 
and 1.0 per cent of the total phosphorus was solubilized by 
the l*03-nM and 0*QSM| oxalate solutions, respectively. The 
region of most rapid decline In solubilizing ability for 
all four concentrations lies between pH 4.0 and 5.0 (figure 
5 and table 5). 
The solubility of rock phosphate is induced by the 
formation of insoluble calcium oxalate. Calcium oxalate 
will form only when its solubility product is exceeded 
(pK«3*0) Mar tell and Calvin (18, p. 516). The decrease in 
the concentration of the calcium ion causes the rock phos¬ 
phate to go into solution. With on increase in the oxalate 
ion concentration there is a corresponding decrease in the 
calcium ion concentration; thus the increase in percent of 
total phosphorus solubilized with Increased oxalate ion 
concentration. The increase in total phosphorus solubilized 
with a decrease in pH indicates that the hydrogen ion is 
also influential in solubilizing rock phosphate. 
Citrate Anion* The effect of citrate anion in solubi¬ 
lizing rock phosphate is not as pronounced aB oxalate anion 
at pH 4*0 (figure 6 and table 6). At pH 5*0 citrate and 
oxalate solubilize the rock phosphate equally well. However, 
at pH 6.G and 7*0 citrate anion solubilizes more phosphorus 
23 
than oxalate anion (figure 6 and table 5). 
At all four concentrations citrate was more effective 
in solubilizing rock phosphate at pH 4.0 than at pH 7.0 
(figure 5 and table 5)• At pH 4.0, 25»0 per cent of the total 
phosphorus was solubilized by 1„03^M citrate solution where¬ 
as only 11.5 per cent was solubilized by the 0AQ9-mM citrate 
solution. At pH 7*0 however 9*0 per cent and 4.9 per cent 
of the total phosphorus was solubilized by the l*03ilMand 
0fQ9^& citrate solutions respectively (figure 6 and table 6). 
The increase in total phosphorus solubilized with & 
decrease in pH indicates that the hydrogen ion is effective 
in solubilizing rock phosphate. There was an increase in 
phosphorus solubilized with an increase in the citrate ion 
concentration. This was expected for with an increase in 
citrate ion concentration there would be a decrease in the 
calcium ion concentration to maintain the stability constant 
of calcium citrate (3*2) Martell and Calvin (18, p. 518). 
ethylene diamine tetraacetate anion: With increased 
concentration of EDTA from pH 4.0 to 7«0 there was an in¬ 
crease in the phosphorus solubilized from the rock phosphate. 
/ 
At the two lowest concentrations of £DTA (0*Q9~|i and 0*17^) 
(figure 7 and table 5), the phosphorus solubilized decreases 
with an Increase in pH which indicates a predominant effect 
of hydrogen ion. In the case of the two highest concentrations 
of EDTA (0*3V*S and 1*03&$ there is an increase in phosphorus 
solubilized with an increase in pH (figure 7 and table 5). 
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The same mechanism causes increases in phosphorus 
solubilized with increases in concentration of chelating 
agent# The greater stability product of EDTA results in 
the higher percentages of total phosphorus solubilized* The 
log K value of calcium EDTA In the pH range employed is 
3#51 Martell and Calvin (18)# 
Analysis and Solubilization of Phosphorus from 
Different Sources of Rock Phosphate by EDTA 
Several rock phosphate samples were extracted and 
analyzed with a ^DTA solution (pH 4#8). The EDTA 
was found to Influence the solubilization of phosphorus 
from each of the rock phosphate samples to approximately 
the same extent - 14*34 to 16*30 per cent (table 6)# The 
results show that the rock phosphate used in this investi¬ 
gation is characteristic of rock phosphate commonly found 
In the Eastern United States# 
A Method for Determining the Dissolving Action of 
Chelators on Metal Salts 
EDTA, oxalate, and citrate are chelating agents in 
that they form stable and soluble complex ions with di and 
polyvalent cations# A correlation is believed to exist be¬ 
tween the stability of metal chelates and bond type# Metal 
ions that form covalent bonds with the chelating agent are 
usually assumed to form the more stable complexes# Exceptions 
to this proposed rule exist, however# An example would be 
the high stability of the highly ionic complexes of the 
alkaline - earths with such complexing agents as EDTA. The 
stability of a complex depends on the free-energy content 
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of the molecule as a whole with respect to the free energies 
of the dissociation products* The metal-donor bond energy 
is usually the greatest contributor to the free energy 
decrease of the complex* The greater the covalent character 
of these bonds, the lower the energy (the higher the 
stability) of the complex* However, covalent character of 
the metal bonds Is not to be found in the case of alkaline 
earth chelates, and stable complexes do not form unless 
the entropy change can contribute to the free energy de¬ 
crease* If the entropy Increase is large enough, very stable 
complexes may form without appreciable covalence. Martell 
and Calvin (18, p. 235-36)* 
The force with which a chelating agent sequesters a 
cation gives rise to & value known as the stability constant 
of the complex ion* The greater the value of the stability 
constant, the greater the force with which the oatlon in 
question is held by the chelating agent* 
It can be determined whether a particular chelating 
agent will dissolve a given metal salt* The method involves 
the use of equilibrium constants* Thus: The dissolution of 
calcium oxalate by KDTA may be represented by the following 
reactions 
Ca C2O4-/- Y t«1« CaY • • C2OV, where Y1 *1 * * SDTA 
The equilibrium constant of this reaction is expressed ass 
Ke Ca y"J EcgoV-H 
CaC204) [Y''' 'J 
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Table 6t Solubilization of Phosphorus from Different 
Sources or Hock Phosphate by EDTA. 
1 
Samples % Ps05 % p* 
U. S. Bureau of Standards Samples 
#56a Phosphate Rook (Tenn. Brown) 33.0 15.15 
#56b • H " " 32.0 15.95 
#120 " " (Fla. Land P.bbl.) 35.8 14.34 
Fertilizer Control Laboratory Samples 
#283 Amer. Agric. Chem. Co. 30.6 14.34 
#403 Ruhinsa Phosphate Rock 31.3 14.68 
Laboratory Samples 
#1 Ruhfcs Phosphate Rock 33.6 14.68 
#2 Term. Phosphate Rock 31.9 15.48 
#3 Colloidal Phosphate Rock 22.6 16.30 
I. P. Thomas Rock Phosphate 
Rock Phosphate used In this 
Investigation (Tenn. Brown) 30.6 16.30 
* Per cent of total P solubilized by 100 mis of 0.09 M 
EDTA In contact with the rock phosphate for 15J* hours. 
(Average of Duplicate extractions). 
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The equilibrium of calcium oxalate Is: 
CttCqOA-=*Ca*T 4 CgO^' 
The solubility product of this qulllbrlum Is expressed ass 
Ksp ■ 2 x 10-9 . - 
The equilibrium of the metal chelate Is: 
Ca* 'III! Ca Y t • 
The stability constant of this equilibrium is expressed as: 
k2-3x 1010 a 1 n PH and above) 
Multiplying the stability constant of the complex ion by the 
solubility product of the metal salt we obtain* 
* * *2x K*P “ $3 
which is the equilibrium constant for the reaction of calcium 
t-h- . igCTifcpPiQ. - lCs X' - 
I<J» c2°4] lcr&j G£\ 
oxalate and EDTA . 
s * [3 x io1(3 * [2 * 10-sO “ 60 
On the basis of a proposed procedure indicating that a metal 
salt will be dissolved by a chelating agent If the product of 
the stability constant (the reciprocal of the instability 
constant) of the complex ion and the solubility product of 
the metal salt is greater than unity it is concluded that 
EDTA will dissolve calcium oxalate, Alrose Chemical Co* (1, p*8)* 
Also on the basis of this procedure it would be concluded 
that EDTA would not dissolve tricalcium phosphate, for the 
product of the stability constant of the complex ion and 
the solubility product of th© tricalcium phosphate would be 
very much smaller than unity* It would also be concluded that 
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EDTA would not dissolve rook phosphate for rook phosphate 
was found to be less soluble than trloaloium phosphate. The 
contrary was found to be the case, however; EDTA dissolved 
rook phosphate, (figure 2 and table 2) 
A Comparison of the Solubilizing Effect on Hook Phosphate 
of pH and Equivalent Concentrations of Oxalate, Citrate, 
and Ethylenedlamine tetraacetate. 
Equivalent concentrations of the salts of the three 
organic acids were compared in that all three form chelates 
In a 111 ratio of anion to cation, 
EDTA was found to be far more effective than oxalate 
or citrate In solubilizing rock phosphate at a concentration 
of 1*0.3*11 (figure 8 and table 5). Oxalate is more effective 
than citrate at pH 4.0 but decreases in its effectiveness 
a t a more rapid rate than does citrate with an increase in 
pH (figure 8 and table 3). Oxalate and citrate are equally 
effective in solubilizing rock phosphate at a pH value of 
approximately 5-0 (figure 8 and table 5)* 
EDTA was again found to be more effective than oxalate or 
oltrate at a concentration of (figure 9 and table 5). The 
difference between the effects of the three anions is not as pro¬ 
nounced at this concentration as it is at the higher concentration. 
Again oxalate Is more effective than citrate at pH 4.0 although 
not as far more effective as at the higher concentration. 
Oxalate and citrate are equally effective at a pH value of 
approximately 4.5 at this concentration, for oxalate again 
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decreases In effectiveness at a sore rapid rate than does 
citrate with an increase in pH {figure 9 and table 5)* 
EDTA is expressed as a straight line function of the 
pH at a concentration of an<* decreases with an increase 
in pH. The solubilizing effect of oxalate is slightly greater 
than that of citrate at pH 4.0t but rapidly decreases to a 
value considerably lees than that of citrate above a pH value 
of approximately 4.3 (figure 10 and table 5). 
The curves for all three anions are similar at the 0*Q9~M 
concentration* EDTA is most effective followed in turn by 
citrate and oxalate respectively (figure 11 and table 5)* 
The reasons for the behavior of the three anions is at 
first obscure. Explanations for several of the phenomena are 
given, however. 
In a 1*0.3».M EDTA salt solution there is an increase in 
the phosphorus solubilized with an Increase in pH. This can 
be explained on the basis of the type of complex that is 
formed at various concentrations of hydrogen ion. In alkaline 
solutions of pH 8.5 and above the reaction that occurs can be 
expressed as follow at 
♦OOCCHo CHoCOQ1 •OOCCHp CHpCHp CHpCOO* 
This oomplex has a stability constant of 3.9 x 1010 expressed 
as follows] 
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At lower jpH values a second complex Is formed but to a 
limited extent only: ^CO 
* OOCCHg N0 
ror"' -f Ca++ <=i XNCHoCH2N Ca 
. /H i i 
'OOCCHg CHo 0 
'CO' Oa HY1 
This complex has a stability constant of 3*2 x IcP expressed ass 
The second complex la considerably less stable than 
the first complex (Caf') and accounts for the decrease In 
phosphorus solubilized at the concentration with a 
decrease In pH, Alrose Chemical Company (1, p. 5)* 
The Increase in phosphorus solubilized with an increase 
in pH does not hold for the three other concentrations of 
EDTA• At a concentration the relationship between 
pH and percent of total phosphorus solubilized la practically 
linear with little change in phosphorus solubilized from pH 
4.0 to 7»0* There is a decrease in the phosphorus solubilized 
with an increase in pH for the two lowest concentrations 
(0*173&fland This reversal in the effect of hydrogen 
ion on the solubilization of rock phosphate is brought about 
by a change in the predominant solubilizing factor# As the 
concentration of 1DTA is decreased the hydrogen ion becomes 
the predominant solubilizing factor. 
In the case of oxalate and citrate solutions combination 
with hydrogen influences the solubilization of rock phosphate 
favorably at each of the four concentrations employed# This 
indicates that hydrogen ion is a prominent solubilizing factor 
in this case# 
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For all three anions there was an increase in phosphorus 
solubilized with an Increase in anion concentration. This was 
expected on the basis of information given previously on the 
mechanism causing the dissolution of sparingly soluble metal 
salt s • 
At equivalent concentrations and at pH values of approx* 
Imateiy 5*0 and above EDTA solubilized the greatest percen¬ 
tage of phosphorus. Citrate and oxalate Induced the solubili¬ 
zation of lesser amounts of phosphorus respectively. On the 
basis of the stability constants of these chelatere this is 
to be the expected behavior. As a rule, the greater the 
stability constant, the more phosphorus solubilized. Over 
the pH range employed the complex ions formed have the fol¬ 
lowing constants t 
8.9 x W)10 (3.2 x 103 in acid range) 
5.8 m 105 
1 x 103 * 
m . ^ *. v 
Calcium EDTA 
Calcium Citrate 
Calolum Oxalate 
For pH values below 5.0 in the case of the 1.03 £ con¬ 
centration, 4.5 in the case of the *24~M concentration, and 
4.2 in the case of the *1.7^1 concentration oxalate was more 
effective than an equivalent amount of citrate in the solu¬ 
bilization of rock phosphate. No explanation is attempted for 
thl s phenomenon» 
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Table 5. Effect of pH and Salt Concentration on the 
Solubilization of Phosphorus from Rock Phosphate. 
Salt pH 4.0 pH 5.0 pH 6.0 pH 7.0 
P Solubilized P Solubilized P Solubilized P Solubil¬ 
ized 
mg % mg % Mg % mg % 
Sodium Oxalate 
*094 1.19 7.6 .47 3.1 .20 1.3 .15 1.0 
*174 2.62 16.9 .80 5.2 .37 2.5 .25 1.6 
,34-4 3.94 25.4 1.41 9.1 .64 4.2 .29 1.9 
1,034 6.70 43.3 3.16 20.4 .88 5.9 .37 SM 
Sodium Citrate 
.,094 1.79 11.5 1.28 8.3 1.08 6.9 .76 4.9 
*174 2 *26 14.5 1.88 12.1 1.40 9.0 .83 5.3 
,344 3.18 19.6 2.06 18.8 1.80 12.9 1.07 7.8 
1*034 3.88 25.0 3.54 22.7 2.52 16.3 1.39 9.0 
Sodium edta* 
*094 2.82 18.2 3.06 20.1 2.48 16.0 2.12 13.7 
*174 4.60 29.7 4.26 27.5 3.84 24.8 3.28 > 21.2 
*34~g 5.90 38.2 6.66 44.1 6.96 44.7 7.04 45.5 
1,Q34 10.60 66.4 12.10 78.0 13.30 85.7 13.90 89.6 
* Ethylenediamineitetra*.acetic .acid 
(Average of duplicate extractions) 
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SUMMARY 
1. Organic anions in combination with hydrogen ion were 
I k 4 
found to be effective in solubilizing rock phosphate. 
2. In all cases except in that of the two highest concen¬ 
trations of BDTA, there was a decrease in phosphorus 
solubilized with an increase in pH. 
3* In all cases except in that of Calcium acetate there 
was an Increase in phosphorus solubilized with an in¬ 
crease in salt concentration. 
4* Acetate salts were found to solubilize rock phosphate 
in the order: magnesium ^ potassium^ sodium calcium. 
5. The chelating agents EDTA, citrate, and oxalate were 
found to solubilize rock phosphate in the order: EDTA^> 
citrate^ oxalate except at pH values below 5.0 where 
oxalate was more effective than citrate at all but the 
lowest concentration (0*Q9m|i). 
6. EDTA was equally effective in solubilizing phosphorus 
from nine samples of rock phosphate of diverse origin. 
p 
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